This investigation presents the first direct evidence that T cells are involved in resistance to challenge with Treponemapertenue. Enriched T cells from immune hamsters were obtained by sequential filtration through glass and nylon-wool columns. This procedure removed the majority of functional antibody-producing and imnmunoglobulin-bearing cells. The fractionated cell suspensions were less responsive to stimulation by phytohemagglutinin, lipopolysaccharide, and dextran sulfate, but they were enriched with antithymocyte-sensitive cells and were more responsive to stimulation with concanavalin A. Hamsters receiving fractionated or unfractionated immune cells had no cutaneous lesions 21 days after infection and had significantly lower lymph node weights and fewer treponemes per node than hamsters that received fractionated or unfractionated normal cells. Resistance was transferred with immune cell suspensions enriched in T cells despite an absence of anamnestic antibody response to specific treponemal antigens.
We previously reported that cells sensitive to antithymocyte serum (ATS) are involved in resistance to infection with Treponema pertenue, the causative agent of frambesia, or yaws. Suspensions of mixed T and B lymphocytes from resistant hamsters conferred protection on recipients to challenge with the same treponeme (14) . When these immune cells were treated with a specific ATS plus complement, their ability to transfer resistance was inhibited (4) . These results, however, did not exclude a role for B cells. It was possible that the ATS treatment inhibited the development of protective antibodies in recipients by its cytolytic activity against helper T cells.
We therefore sought direct evidence for T-cell involvement in frambesial infection. Various populations of lymphocytes were separated, without killing the T cells, by passing suspensions of immune cells through glass and nylonwool columns (9) . We report here the ability of normal cells, immune cells, and suspensions of immune cells depleted of B cells to confer resistance on hamsters subsequently infected with T.
pertenue.
MATERIALS AND METHODS Animals. Inbred CB/Ss Lak hamsters were obtained from Charles River Breeding Laboratories, Inc., Wilmington, Mass. Hamsters weighing 80 to 100 g were housed six per cage at an ambient temperature of 180C, a condition which facilitates the development of cutaneous lesions (8) .
Organism. T. pertenue Haiti B was obtained from Paul H. Hardy, Jr. (Johns Hopkins University, Baltimore, Md.) and was maintained by passage in hamsters. The inguinal lymph nodes were removed aseptically 3 to 4 weeks after intradermal (id.) infection, teased apart in sterile saline, and filtered through 60-mesh stainless-steel screens. After centrifugation at 270 x g for 3 min to remove cellular debris, the number of treponemes in the supernatant was determined by dark-field microscopy (10).
Preparation of spleen, lymph node, and bone marrow cells. Single-cell suspensions of spleen and lymph node cells were prepared by teasing apart these tissues with forceps and gently pressing them through a stainless-steel 60-mesh screen into RPMI 1640 medium (GIBCO Laboratories, Grand Island, N.Y.). Bone marrow cells were harvested from the femora and humeri by flushing the marrow cavities with RPMI 1640 medium, and single-cell suspensions were obtained by aspiration and expulsion through an 18-gauge needle. The number of viable nucleated cells was determined by the trypan blue exclusion test (2) .
Isolation ofhamster T cells by glass and nylonwool columns. T cells were obtained by sequential filtration through glass and nylon-wool columns by the methods of Julius et al. (9) and Blasecki and Houston (3). Briefly, 4 x 10' pooled immune cells (spleen and lymph node) in 4 ml of RPMI 1640 medium containing 10% fetal calf serum (RPMI-FCS) were allowed to pass at room temperature through a glass wool column, which contained 0.5 g of sterile glass wool, in a 6-ml syringe. The glass wool had been T-CELL ROLE IN RESISTANCE TO FRAMBESIA 449 treated with 1 N hydrochloric acid, washed with distilled water, dried at 370C, and sterilized. The column had been rinsed with RPMI-FCS before use.
Nonadherent cells were eluted from the glass wool with 15 ml of RPMI-FCS. They were then centrifuged, resuspended in RPMI-FCS, and applied to a sterile nylon-wool (Leukopak; Fenwal Laboratories, Morton Grove, Ill.) column. The nylon-wool had been washed with double-glass-distilled water, dried at 370C, packed (0.6 g) in a 12-ml syringe, and autoclaved. The column had then been washed with 30 ml of RPMI-FCS, drained of excess medium, and placed in a vertical position for 2 h at 370C.
After the cells were loaded onto the column, they were incubated for 60 min at 370C, and the column was washed slowly with 20 ml of warm RPMI-FCS. From were used in this investigation, all recipients were preirradiated as an additional precaution to guarantee the survival of the transferred immune or normal cells. Gamma irradiation (900 rads) was given to hamsters in Lucite containers with a Gammator Cs-137 irradiator (Isomedix, Inc., Parsipanny, N.J.). Hamsters survived for only 9 to 14 days after exposure unless reconstituted with 6 x 107 normal hamster bone marrow cells.
The recipient hamsters were subsequently infected i.d. with 106 T. pertenue. The development of cutaneous lesions, the lymph node weights, and the number of treponemes in the nodes were employed as parameters for evaluating the response of adoptively immunized hamsters to treponemal infection.
Plaque (Table 3) .
Effect of passively transferred fractionated immune cells on specific treponemal antibody production. Twenty-one days after challenge with T. pertenue the antibody titers of all cell recipients were determined. Recipients of unfractionated immune cells had a fourfoldhigher antibody titer than the other three groups (Table 1) . DISCUSSION This investigation presents the first direct evidence that T cells are involved in resistance to challenge with T. pertenue. The cells are stimulated preferentially by concanavalin A and sensitive to treatment with ATS. These results confirm our previous findings that recipients of immune cells treated with ATS and complement Cell preparations were depleted of B cells by passage through glass and nylon-wool columns. This procedure has been shown to separate T and B cells from hamsters (3) and other animals (9, 13, 17) . To verify that our eluants were enriched in T cells, they were characterized by serological and functional assays indicating the number of immunoglobulin-bearing cells, response to treatment with ATS, and stimulation by T-and B-cell mitogens. The ability of the glass and nylon-wool columns to remove cells producing functional antibody to sheep erythrocytes was also determined.
Fractionation removed 91% of the functional antibody-producing cells and 94% of the immunoglobulin-bearing cells. The fractionated cell suspensions were less responsive to stimulation by B-cell mitogens, but were enriched with ATSsensitive cells and more responsive to the T-cell mitogen, concanavalin A. These results indicate that the suspension of fractionated immune cells were indeed depleted of B cells and enriched for T cells.
An interesting finding in this investigation is that resistance can be transferred with enriched T cells in the apparent absence of an anamnestic antibody response to specific treponemal antigens. No significant differences in protection were detected between recipients of fractionated and unfractionated immune cells, except that the latter had a fourfold-higher antibody response to treponemal challenge. The lower antibody titer in recipients of fractionated immune cells might be due to the depletion of helper T cells. However, Trizio and Cudkowicz (17) and Redelman et al. (13) reported that the fractionated cells contain all of the helper and cytotoxic cell activity. A more likely explanation is that the immune cells capable of producing treponemal antibodies were selectively removed by filtration through glass and nylon-wool. This hypothesis is supported by the significant decrease in the number of direct and indirect plaques after fractionation of sheep erythrocyte-sensitized immune cells.
We have shown earlier that immune serum can partially protect hamsters from challenge with T. pertenue (14) . Our new results, however, suggest that antibody may play a secondary role in resistance to frambesial infection. Recipients of fractionated immune cells were clearly protected, even though their antibody titer was no higher than the titer ofrecipients of fractionated or unfractionated normal cells. If the production of this antibody reflects the production of other antibodies that may be more closely associated with protection, our results raise the question whether antibody plays a dominant role in resistance to frambesial infection. The role of antibody has been similarly questioned in another treponemal infection, syphilis, in which transfer of resistance with immune serum has met with only limited success (1, 11, 12, 15, 18) .
The relative roles of antibody and cell-mediated immunity in frambesial infection need to be further elucidated. Immune serum can partially protect recipients from challenge with T. pertenue (14) , but no evidence has been presented that protection is due to antibodies. Cells obtained from hamsters resistant to challenge with T. pertenue can also confer protection on recipients (14) , and treatment of these immune cells with ATS inhibits the transfer of resistance (4) . In this report we provide direct evidence that T cells are involved in the transfer of resistance to frambesial infection, but the mechanism by which these T cells confer protection is not yet clearly understood.
